A novel H7N9 influenza A virus has been discovered as the causative identity of the emerging acute respiratory infection cases in Shanghai, China. This virus has also been identified in cases of infection in the neighboring area Hangzhou City in Zhejiang Province. In this study, epidemiologic, clinical, and virological data from three patients in Hangzhou who were confirmed to be infected by the novel H7N9 influenza A virus were collected and analyzed. Human respiratory specimens and chicken feces from a contacted free market were tested for influenza virus by real-time reverse transcription PCR (RT-PCR) and sequencing. The clinical features of the three cases were similar featured with high fever and severe respiratory symptoms; however, only one of the patients died. A certain degree of diversity was observed among the three Hangzhou viruses sequenced from human samples compared with other reported H7N9 influenza A viruses. The sequences of the novel avian-origin H7N9 influenza viruses from Hangzhou City contained important amino acid substitutions related to human adaptation. One of the Hangzhou viruses had gained a novel amino acid substitution (Q226I) in the receptor binding region of hemagglutinin. More importantly, the virus sequenced from the chicken feces had a 627E substitution in the PB2 protein instead of the mammalian-adapted 627K substitution that was found in the PB2 proteins from the Hangzhou viruses from the three patients. Therefore, the newly-emerging H7N9 virus might be under adaptation pressure that will help it "jump" from avian to human hosts. The significance of these substitutions needs further exploration, with both laboratory experiments and extensive field surveillance.
man infection cases, including more than 20 deaths, have been reported in China.
Preliminary analyses have shown that the H7N9 viruses responsible for this outbreak are novel reassortants [2, 3] . A substitution of Q226L (in the H3 numbering system) at the 210-loop in the hemagglutinin (HA) gene, which has been shown to change the binding of avian-to human-type receptor, was found in the two viruses from the Shanghai and Anhui patients; while, the virus from the first case in Shanghai had substitution 226Q. The Q226L substitution might increase the ability of the virus to be transmitted by air (Q is the avian signature; L is the mammal signature) [4, 5] . Moreover, the E627K substitution (avian vs. mammal signature) in the PB2 gene, which has been associated with improved virus replication and increased virulence in mice [68], was also observed in the newly identified virus in human, and this too may contribute to the human infection and severe disease.
Here, we report three cases of humans in Hangzhou City in Zhejiang Province infected with the novel avian-origin influenza A (H7N9) virus. Connections of the human infection to the virus detected in the environment were also determined. Furthermore, we identified an influenza A (H7N9) virus in one patient sample which had a new Q226I mammal-signature substitution. This substitution may play an important role in the host adaptation of the H7N9 virus. Interestingly, the virus from chicken feces had the 627E substitution in the PB2 protein instead of the mammalianadapted 627K substitution that was in the PB2 proteins of the viruses from the patients. Therefore, it seems that the newly-emerging virus might be under the adaptation pressure for it to "jump" from avian to human hosts.
Materials and methods

Epidemiological investigation
At the end of March and in early April 2013, three patients from Hangzhou City in Zhejiang Province were hospitalized with symptoms of fever, coughing, and severe acute respiratory illness (SARI). Some respiratory pathogens such as seasonal influenza viruses (H1, H3), the 2009 pH1N1 influenza virus, and avian influenza viruses (H5N1, H9N2) were eliminated by real time RT-PCR assay. Subsequently, nasopharyngeal aspirate specimens from Patient 1 and throat-swab specimens from Patients 2 and 3 were sent to the Hangzhou Center for Disease Control and Prevention. Standardized procedures of epidemiology investigation were carried out. Retrospective information related to demographic characteristics, possible routes of acquisition of the virus, clinical symptoms, onset and progression of illness, and underlying medical treatment was collected.
Specimen collection and identification of causative pathogen
Human upper respiratory tract specimens from all three patients were collected in specimen tubes with viral-transport medium (Hank's buffer). The samples were test in the laboratory within 24 h. Environmental specimens such as smear specimens from the surface of poultry cages, and poultry feces from the free market which Patient 2 may visit before the onset of the illness were also collected and tested. Real-time RT-PCR experiments were performed using the RNA which was extracted from the samples using the RNeasy Mini Kit (QIAGEN, Germany). The H7N9 infections of Patients 2 and 3 were confirmed by real-time RT-PCR assay using influenza subtype-specific primers provided by the Chinese Center for Disease Control and Prevention [1] . The H7N9 infection of Patient 1 was confirmed by comparing the HA, neuraminidase (NA) and PB2 sequences to the reference sequences [1] .
Viral genome sequencing
The cDNA of eight complete gene segments were amplified using a PrimeScript II 1st Strand cDNA Synthesis Kit (TaKaRa, Japan) and Ex-taq HS (TaKaRa, Japan) according to the manufacturers' instructions. The amplified PCR products were then sequenced on an ABI 3730 automatic DNA analyzer (Life Technologies, USA) with ABI BigDye Terminator V3.1 cycle sequencing kit (Life Technologies, USA) at Sangon (Shanghai, China) immediately after the pathogen was confirmed to be the influenza A (H7N9) virus. 
Phylogenetic analysis
The public sequences used in this study were downloaded from the Influenza Virus Resource database [9] . Phylogenetic trees for each of the gene segments were built using the maximum-likelihood methods under the General Time Reversible (GTR) model [10] , to analyze the nucleotide substation with gamma-distributed rates among sites. All the phylogenetic trees were built with 1000 times bootstraps using the software RAxML [11] .
Results
Epidemiological and clinical features of the cases in Hangzhou City, Zhejiang Province
Epidemiological and clinical information were collected from the patients' medical records, as well as from interviews with them and their relatives. Details of the investigation are recorded in Table S1 . Patient 1 was a 38-year-old man with a history of hepatitis B virus infection and the positive hepatitis B surface antigen was detected. The man was a cook who had visited a poultry market every other day before the onset of his symptoms. He had high fever and cough at the onset of the illness. Patient 2 was a 67-year-old man who had a history of hypertension and nasitis. One week before the onset of the symptoms, he had visited a free market and bought two live quails which were butchered in the market. He cooked the quail himself and ate some of it. No other poultry contact in the two weeks before the onset of the illness was reported by Patient 2. Patient 2 also had high fever, cough, and sputum production at the onset of the illness. Patient 3 was a 79-year-old man. He had no known history of exposure to live birds during the two weeks before the onset of symptoms. This patient had a cough and was found to have high fever on admission.
The general clinical features of the three Hangzhou patients with confirmed infections of the avian influenza A (H7N9) virus were similar to the three cases reported previously in Shanghai and in Anhui Province [1] . All three patients presented with high fever, cough, shortness of breath, and a history of sputum production. In Patient 1, the sputum was bloodstained, which was not reported in the three H7N9 virus infected cases in the previous study [1] . None of the patients had diarrhea, conjunctivitis, or rash. Physical examination of the chest in all three patients revealed respiratory distress and crackles, and rapid breathing in Patients 1 and 3. The white cell counts were normal for the three cases. The levels of creatine kinase and lactate dehydrogenase were increased in all three patients. Bilateral or unilateral ground-glass opacities and pleural effusion were observed by chest radiography (Figure 1 ).
Antibiotic therapy combined with glucocorticoids was administered to all three patients. Antiviral therapy and intravenous immunoglobulin were given to Patients 2 and 3. Patient 1 was admitted to the intensive care unit and intubated seven days after admission. Pneumonedema and acute respiratory distress syndrome developed in this patient and he died on day 21 after the onset of his illness. Patients 2 and 3 were transferred to negative pressure wards after the laboratorial confirmation of the H7N9 infection and their vital signs gradually improved.
Causative pathogen of the infections and the environmental connection
The RT-PCR and sequencing results for the amplified PCR products confirmed that H7N9 influenza virus was the causative agent of the illness and death for Patient 1. 
Sequence diversity of H7N9 Hangzhou viruses
A phylogenic tree was constructed after aligning multiple H7 sequences from the Hangzhou viruses and from other human H7N9 viruses that were available online, together with other publicly available H7 influenza virus sequences. The tree built using the HA sequences revealed that all the H7N9 derived H7 sequences clustered in one branch. The HA sequence which was most similar to the H7N9 HA sequences was A/duck/Zhejiang/10/2011_H7N3. The Hangzhou/1, Hangzhou/2 and Hangzhou/3 sequences fell into different positions within the cluster (Figure 2 ). When this small cluster was examined in more detail, we found that the Env/Hangzhou and Hangzhou/2 sequences were the closest to each other, while the Hangzhou/1 and Hangzhou/3 sequences were located in different positions on the branch. This result clearly shows possible transmission relatedness between the Env/Hangzhou and infection of Patient 2. The phylogenic clustering of the sequences of other proteins from the four new H7N9 viruses found in Hangzhou was quite similar to the phylogenic tree based on the HA sequences (data not shown). These data suggested that a variety of H7N9 viruses were circulating in Hangzhou. It is uncertain whether the diversity of H7N9 in Hangzhou was the result of host adaptation, or the diversity pre-existed before its transmission to human from avian species.
Identification of a novel "human adaptation" substitution Q226I in the hemagglutinin gene
Sequence characteristics and the main residue features in the H7N9 viruses from Hangzhou were determined by aligning the HA amino acid sequences to HA sequences from other reported H7N9 human viruses ( Table 1 ). The four Hangzhou HA sequences all contained the same marker (P42S) for antiviral resistance at the M2 protein amantadine-binding site. On the other hand, the NA sequences of the four Hangzhou viruses all possessed drug sensitive characteristics, having the 120E, 276H, and 294R (292R in the N2 numbering system) residues in their sequences. Other amino acid variations which are closely related with host preference, virus virulence, and drug resistance in other reported H7N9 human viruses were also observed in the HA, NA and PB2 sequences from the four Hangzhou viruses (Table 1) .
Hangzhou/2, Hangzhou/3 and Env/Hangzhou have the same Q226L substitution (in the H3 numbering system) at the receptor binding site of HA as the Anhui/1 and Shanghai/2 viruses, while 226Q was observed in the HA of Shanghai/1 virus [1] . A laboratory-manipulated Q226L mutation in the 210-loop of H5 HA has been reported to contribute to the high-affinity binding of the viruses to the human receptor, which might increase the ability of the virus to be transmitted by air in mammals [4, 5] . Interestingly, we found that the Hangzhou/1 virus had a novel Q226I substitution in the 210-loop of HA (Figure 3 ). This Q226I substitution in the sequence of the HA from Hangzhou/1 was observed for the first time in the H7 and H5 subtypes. Based on all the currently available HA sequences from H7N9 viruses, we found that there was a diverse distribution of Q, L, and I residues at position 226 in these HAs (Figure 4 ).
Substitution of 627K in the PB2 sequence in the human-infecting H7N9 virus and the 627E in the environmental H7N9 virus
A virulence-associated substitution E627K was found in the PB2 proteins of the Hangzhou/1, Hangzhou/2 and Hangzhou/3 viruses ( Figure 4) ; however, 627E was observed in the PB2 sequence of the Env/Hangzhou virus from the poultry feces which were collected from the free market that Patient 2 visited. This finding indicates that the adaptation pressure for species adaptation from avian to human may exist in the newly-emerging H7N9 virus.
Discussion
We described three infected cases in Hangzhou City and identified the novel reassortant influenza A (H7N9) viruses in the respiratory specimens from these patients, as well as from environmental samples. Hangzhou City is close to Shanghai Municipality, where the first influenza A (H7N9) virus infections were reported [1] . Although later than the cases in Shanghai Municipality, the onset of the illness of two of the patients described here was reported around the same time as the illness of the patient in Anhui Province. Two of the three patients had a history of direct contact with live poultry or with local free markets. A closely related H7N9 virus was identified in the contacted environment of Patient 2. These data may provide direct evidence for the linking, or even transmission, of the avian H7N9 viruses to humans in these adjacent provinces of east China.
Although the clinical characteristics of the three cases reported here are very similar to the early cases reported previously in Anhui and Shanghai, namely high fever and severe respiratory symptoms, the genetic diversity of the genomes of the new Hangzhou H7N9 viruses was determined. The H7 phylogenetic trees placed the Hangzhou/1, Hangzhou/2 and Hangzhou/3 viruses on separate branches. Within the HA, NA and PB2 sequences from all the publicly available H7N9 viruses, we identified 36 sites with at least one amino acid mutation (Table 2 ). These data may indicate the independent and rapid evolution of the viruses in the natural reservoir and their independent introduction to human. However, based on the currently available H7N9 virus sequences, we found a series of other substitutions the majority of which were synonymous mutations (Table S2 ). The effects of these substitutions on the fitness of the virus- 
a) The full names of the viruses are listed in the legend of Figure 2 . b) Numbering of the protein sequences begins with the first ATG start codon (methionine). c) The E627K or D701N substitutions in the PB2 protein are critical for the adaptation of avian influenza A viruses to their mammalian hosts. Important residues discussed in the text are shaded gray. d) The Q235L mutation (Q226L in the H3 numbering system) increases the binding affinity of HA to the human receptor. e) The R294K mutation (R292K in the N2 numbering system) in the NA protein confers resistance to oseltamivir. es have not been determined. This result may indicate the necessity for an extensive surveillance to investigate the accumulated effects of these virus substitutions on the pathogenesis of human.
The pathogenesis of the novel avian-origin H7N9 virus in humans remains unknown; however, a series of substitutions were found in Hangzhou H7N9 viruses which had been determined previously to be related with infection and severe diseases in animal models [12] . For example, the substitution at position 226 of the HA protein has been determined as pivotal residue in the binding of avian-or human-type receptor and, it has been suggested, that the presence of residue 226L might increase the airborne transmission of the virus [4, 13] . The Q226L substitution in the HA protein of H5 laboratory-mutated viruses was shown to cause the viruses to bind strongly to α-2,6 human-like receptors [5, 14] . However, we observed a Q226I substitution in the HA sequence from Hangzhou/1. Isoleucine and leucine are both hydrophobic residues which may imply that the Q226I mutation plays a similar major role in the α-2,6 receptor binding and human adaptation of some of the new H7N9 viruses. Some of the sequences of the H3 subtype of human infected influenza viruses that we obtained from the Influenza Virus Resource database [9] also contained the Q226I mutation. However, this is the first report of the Q226I substitution at this site for the H7 subtype (Figure 4) , which may indicate a novel host adaptation feature of the H7 virus [12] . The receptor binding properties of HAs that contain the Q226I substitution need direct experimental investigation.
Previous studies indicated that several substitutions in PB2 sequences were associated with efficient virus replication which contributed to the high pathogenicity of H5N1 viruses in mice [68] . Two amino acid positions in the PB2 protein affect the growth of influenza viruses in mammalian cells [68]; namely, positions 627 (PB2-627) and 701 (PB2-701). In most human influenza viruses the residue at position 627 is lysine (PB2-627K) and in most avian viruses it is glutamic acid (PB2-627E). Thus, 627K in PB2 is a mammal-signature amino acid. The alignments of the publicly available H7N9 PB2 sequences revealed that the PB2 sequence from a human sample of the Zhejiang/DTID-JU01 virus had a 627E substitution (Figure 4) . The Zhejiang/DTID-ZJU01 virus also had a special D701N mutation which was confirmed previously to be important for the high virulence of this virus in animal models [8, 15] . Together, these data for the different important amino acid substitutions in the proteins of novel H7N9 viruses indicate a divergent adaptation mode for the influenza A virus in human [16, 17] .
The genotypic diversities of the novel H7N9 viruses that we sequenced from the patients and the contact poultry market in Hangzhou, Zhejiang Province implied that these novel viruses exhibited rapid evolution. The results of this study may shed light on the understanding of the source and mode of transmission of these infections, and will provide a reference for the considerate selection of candidate vaccine strains.
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